xeolate d I» ° f wlB9 " regUlmt0rI 

•lement in a chimeric ««• «nic* can be used for the 
transformation of plants, 
in. present invention relates to the use of a 
regulatory element isolated from transcribed plant 
genes, of nev chimeric g.ne. containing them and to 
tneir use for the transformation of plants. 

numerous phenotypie characters associated 
with the expression of on. or mors gene elements can be 
integrated into the gsnome of plants and thus confer on 
these transgenic plants advantageous agronomic 
properties, in a nonexhaustive manner, there may he 
mentioned: the resistances to pathogenic agents for 
crops, the resistance to pbytotoxic plant-protection 
products, the production of substances of dietary or 
pharmacological interest. In addition to the isolation 
and characterization of the gene elements encoding 
these various characters, an appropriate expression 
should be ensured. This appropriate expression may be 
situated both at th. qualitative and quantitative 
levels. At the qualitative level, for example the 
spatial level: preferential expression in a specific 
tis-ue, or temporal level: inducible expression; at the 
quantitative level, by the accumulated quantity of the 
product of expression of th. gene introduced. This 
appropriate expression depends, for a large part, on 
the presence of regulatory gen. elements associated 
with the transgenes, in particular as regards the 
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quantitative and qualitative laments. Am ag the key 
elements ensuring tnis appropriate regulation, the use 
of single or contained homologous or heterologous 
promoter elements has been widely described in the 
5 scientific literature. The use of e regulatory element 
downstream of the transgene was used for the sole 
purpose of putting a boundary which makes it possible 
to stop the process of transcription of the transgene/ 
without presupposition as to their role as regards the 
10 quality or the quantity of the expression of the 
transgene • 

The present invention relates to the use of 
an intron 1 isolated from plant genes as a regulatory 
element, of new chimeric genes containing them and to 
13 their use for the transformation of plants. It relates 
to an isolated DNA sequence capable of serving as a 
regulatory element in a chimeric gene which can be used 
for the transformation of plants and allowing the 
expression of the product of translation of the 
20 chimeric gene in particular in the regions of the plant 
undergoing rapid growth, which comprises, in the 
direction of transcription of the chimeric gene, at 
least one intron such as the first intron (intron 1) of 
the noncoding 5' region of a plant hi stone gene* It 
23 relates more particularly to the simultaneous use of 
the intron 1 as a regulatory element and of promoters 
isolated from the same plant gene. It allows tne 
appropriat xpression, b th quantitative and 



qualitative, of the trans* n a under the control of 
these elements for gene regulation. This appropriate 
expression, obtained by the use of the present 
invention, may relate to characters such as: the 
rasistance to pathogenic egants for crops, the 
resistance to phytotoxie plant-protection products, the 
production of substances of dietary or pharmacological 
interest. In particular, it makes it possible to confer 
on the transgenic plants an enhanced tolerance to 
herbicides by a qualitative and quantitative 
preferential expression of the product of expression of 
the chimeric genes in the regions of the plant 
undergoing rapid growth. This specific appropriate 
expression of the gene for herbicide resistance is 
obtained by the simultaneous use of the promoter 
regulatory elements and of at least one intron 1 of the 
histone gene of the "H3.3- like" type as regulatory 
element, such a pattern of expression can be obtained 
for all the characters which are of interest, as 
described above, with the regulatory elements used to 
confer an enhanced herbicide tolerance. The present 
invention also relates to the plant cells transformed 
with the aid of these genes and the transformed plants 
regenerated from these cells as well as the plants 
derived from crossings using these transformed plants. 

Among the plant-protection products used for 
the protection of crops, the systemic products are 
characterie d in that they are transported in th plsnt 



after applicatl n and, f r soa of them, accumulate in 
the parts undergoing rapid growth, especially the 
oaulinary and root apices, causing, in the case of 
herbicides, deterioration, tip to the destruction, of 
the sensitive plants. For some of the herbicides 
exhibiting this type of behaviour, the primary mode of 
action is hnown and results from deactivation of 
characterised ensymes involved in the biosynthesis 
pathways of compounds required for proper development 
of the target plants. The target ensymes of these 
products may be located in various subcellular 
compartments and observation of the mode of action of 
known products most often shows a location in the 
plastid compartment. 

Tolerance of plants sensitive to a product 
belonging to this group of herbicides, and whose 
primary target is known, may be obtained by stable 
introduction, into their genome, of a gene encoding the 
target enayme, of any phylcgenetic origin, mutated or 
otherwise with respect to the characteristics of 
inhibition, by the herbicide, of the product of 
expression of this gene. Another approach comprises 
introducing, in a stable manner, into the genome of 
sensitive plants a gene of any phylogenetic origin 
encoding an enayme capable of metabolizing the 
herbicide into a compound which is inactive and 
nontoxic for the development of the plant, zn the 



, _ t - -assary t have characterised 
latter case, it i n t a cm»o*j 

the target £ the herbicide. 

Given the mode of distribution and 
accumulation of products of this type in the treated 
plant-, it is advantageous to he ahle to express the 
product of translation of these genes so as to alio* 
their preferential expression and their accumulation in 
the regions of the plant undergoing rapid growth where 
these product, accumulate. Furthermore, and in the case 
where the target of these products is located in a 
cellular compartment other than the cytoplasm, it is 
advantageous to be able to egress the product of 
translation of these genes in the form of a precursor 
containing a polypeptide sequence allowing directing of 
the protein conferring the tolerance into the 
appropriate compartment, and in particular in the 

p last id compartment. 

By way of example illustrating this approach, 
there may be mentioned glyphosate, sulfosate or 
f osametin. which are broad-spectrum systemic herbicide, 
of the phosphonomethylglycine family. They act 
essentially a. competitive inhibitors, in relation to 
PBP (phcphoenolpyruvat.) , of s-enolpyruvyl.hikimat.-3- 
phosphate synthase (BP8PS, EC 2.5.l.l». *«.r their 
application to the plant, they are transported into the 
plant where they accumulate in the parts undergoing 
rapid growth, especially the cauiinary and root apices. 



causing the deterioration, up t th deatrueti n, of 
the sensitive plant*. 

8PAFS, the principal target cf these 
products, is an enzyme of the pathway of biosynthesis 
of aromatic amino acids which is located in the plastid 
compartment. This ensyme is encoded by one or more 
nuclear genes and is synthesized in the form of a 
cytoplasmic precursor and than imported into the 
plastids where it accumulates in its mature form* 

The tolerance of plants to glyphosate and to 
products of the family is obtained by the stable 
introduction, into their genome, of an SPSFfl gene of 
plant or bacterial origin, mutated or otherwise with 
respect to the characteristics of inhibition, by 
glyphosate, of the product of this gene* Given the mode 
of action of glyphosate, it is advantageous to be able 
to express the product of translation of this gene so 
as to allow its high accumulation in the plastids and, 
furthermore, in the regions of the plant undergoing 
rapid growth where the products accumulate. 

It is known, for example, from American 
patent 4,535,0*0 to confer on a plant a tolerance to a 
herbicide of the above type, in particular H- 
phosphonomethylglycine or glyphosate, by introduction, 
into the genome of the plants, of a gene encoding an 
EFSFS carrying at least one mutation making this ensyme 
more resistant to its competitive inhibitor 
(glyphosat ), after locati n of the nayme in the 



plastid compartment. Th 8 techniques require, however, 
to ba improved for greater raliability in tha use of 
these plants 4urlng a treatnent with these products 
under agronomic conditions. 

in the present description, "plant" is 
understood to mean any differentiated multicellular 
organism capable of photosynthesis and "plant cell" any 
cell derived from a plant and capable of constituting 
undifferentiated tissues such as calli, or 
differentiated tissues such as embryos or plant 
portions or plants or seeds. "Intron x of Arabidopsis 
as a regulatory element" is understood to mean an 
isolated DMA sequence of variable length, situated 
upstream of the coding part or corresponding to the 
structural part of a transcribed gene. Gene for 
tolerance to a herbicide is understood to mean any 
gene, of any phylogenetio origin, encoding either the 
target ensyme for the herbicide, optionally having one 
or more mutations with respect to the characteristics 
of inhibition by the herbicide, or an ensyme capable of 
metabolising the herbicide into a compound which is 
inactive and nontoxio for the plant. Zones of the 
plants undergoing rapid growth are understood to mean 
the regions which are the seat of substantial cell 
multiplications/ in particular the apical regions. 

The present invention relates to the 
production of transformed plants having an enhanced 
tol ranc to herbicides accumulating in th z nes f 
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th tr atad plants underg ing rapid growth, by 
regeneration of calla transformed with the aid f new 
chimeric genes comprising a gana for tolerance to those 
products* The subject of the invention is also the 
5 production of tranaf ormed plants having an anhancad 
tolerance to herbicides of the phoaphonomethylglyoine 
family by regeneration of calls transformed vith the 
aid of new chimeric genes comprising a gene for 
tolerance to these herbicides. The invention also 

O 

Q 10 relates to these new chimeric genes, as wall as to 

fU 

yj transformed plants which are more tolerant because of a 

H better tolerance in the parts of these plants 

O undergoing rapid growth, as well as to the plants 

U derived from crossings using these transformed plants. 

^ 15 Its subject is also new intron l of a plant hiatone and 

its use as regulatory sone for the construction of the 

LJ 

M= above chimeric genes. 

More particularly, the subject of the 
invention is a chimeric gene for conferring on plants 

20 especially an enhanced tolerance to a herbicide having 
EPSPS as target, comprising, in the direction of 
transcription, a promoter element, a signal peptide 
sequence, a sequence encoding an ensyme for tolerance 
to the products of the phosphonomethylglyeine family 

25 and a regulatory element, characterised in that the 

regulatory element comprises a fragment of an intron X 
of a plant histone gene in any orientation relative to 
its initial orientati n in the g ne f r m which it is 
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deriv d, all wing th. pref r ntial aspr ..io» and th. 
accumulation f th prot la f r tolaranea t th 
hcrbicid. in th. .on., for accumulation of th. aaid 
herbicide. 

Sba hiatona gene, from whieh intron 1 
according to tha invention i. derived, coma, from a 
monocotyLdonou. plant auch a. for example whaat, mai.a 
or rica, or praf erably from a dicotyledonous plant auch 
as for example lucerne, sunflower, bean, rapa.aad 
or prafarably Tit- ' W fc!*ftllftl». Preferably, a 
hiatona gaaa of tha «H3.3-lik.» typa ia uaad. 

The signal peptide sequence comprise., in the 
direction of tranacription, at laa.t one aignal peptide 
sequence of a plant gan. anooding a aignal peptide 
direoting tranaport of a polypeptide to a plastid, a 
portion of the sequence of the -atur. »-t.rminal part 
of a plant gene produced when th. f ir.t .ignai peptide 
i. cleaved by proteolytic ansymes, and then a aaeond 
aignal peptid. of a plant gene encoding a aignal 
peptide directing tranaport of the polypeptide to a 
.ub-compartaant of th. pla.tid. *h. .ignal P-ptida 
sequence ia pr.f arably derived from a gene for the 
email aubunit of ribulo.e-l,s-bisphoaphate 
carboxylaae/esygenaa. (RuBisCO) according to Buropean 
patent application PCT 508 909. Th. role of thia 
oharacteriatic .eguance i. to allow the releaae, into 
th. plaatid compartment, of a mature polypeptide with a 
maximum efficiency, pr.farably in a native form. 
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The coding sequence which can h used in th 
chimeric g.n« ace rding t the invent! n com s fro. a 
herbicide toiaranoa gone o£ any phyiogenetie origin. 
This sequence may ho especially that of tho mutated 
BPSP8 having a degree of toloranca to glyphosate. 

Tho promotar alamont according to European 
patent application pct 507 698 may be of any origin, in 
a singla or duplicated or combinad form of a gona 
naturally expressed in plants, that is to say, for 
example of bacterial origin such as that of the 
nopalino synthase gene, or of viral origin such a. that 
of the 358 transcript of the cauliflower mosaic virus, 
or preferably of plant origin such as that of the .mall 
aubunit of the ribulose-l,5-bisphoaphata 
carboxylase/oxygenase « preferably such ae that of a 
plant histone gene and preferably froa mMdPPSla 
ttajiana, h histone gene of the W type is preferably 

U8*4. 

The chimeric gene according to the invention 
»ay comprise, in addition to the above essential parts, 
an untranslated intermediate sons (linker) between the 
promoter sone and the coding sone as well as between 
the coding sone and intron i and which may be of any 

phylogonetic origin. 

The following examples show by way of 
illustration, but with no limitation being implied, 
several aspects of th invention: isolation of the 
introns according t the invention and their use f r 



It 



th genetic tranaf rmation f plant, a. wall a. the 
iaprov.d gualiti.. f «Pr.«i > of th hater 1 9 - 
gena. of plant. tranaformad with the aid of theaa 
intron.. Keferancea to "Currant protocol, in Kolacular 
Biology" ar. to Volume. 1 and 2, huaub.l P.M. 
publiahad by oraana Publiabing *..ociata. and Wilay 
Xntaraoienca (1989) (CPMB). 



1. production of an BPflPfi fragment from 

xo arabjdopajfl thallana, 

a) two 20-n.r oligonucleotide, of raapactiv. 

sequences: 

5 ' -OCTCT0CTCATQTCT0CTCC- 3 ' 
5 ' -aCCCGCCCTTGAC AfcAGAAA- 3 ' 
15 vara ayntba.iaad from tha aequance of an 

EPSPS gana fro. ^ssmSB^iS^li^ •* 
(i.t7) Hoi. oan. oanat., a". 437-442). Thaaa two 
cligonuclaotidaa corraapond to poaitiona 1523 to 1S43 
and 1737 to 1717, ra.pactiv.ly, of tha publiahad 
20 .aquanca and in convergent orientation. 

b) Tha total on* fro* flnftW^ ttali&sa 
i2aJ ^ LmfeiaX wa . obtainad from Clont.ch (catalogua 

rafaranea: 6970-1) 

c) SO nanogram, (ng) of Dim ara mixed with 

25 300 ng of each of tha oligonucleotide, and .unacted to 
35 amplification oycl.a with a Perhin-Blmar 9500 
apparatus under tha atandard medium conditions for 
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aaplif icati a r eonmead d by the suppli r. The 
result lag 2 04 bp fragaeat coastitutea the bvsfs 
fragment froa ftrr*<*Q"«*a thallana. 

2. Constrnctioa of a library of a oDXa fzoa a 
BM8 aaiie call liae. 

a) S g of filtered calls. ar a ground la liquid 
altrogan aad tba total auelaie aeida extracted 
aecordiag to the method described by Shure at al. with 
tha following aodifieatioaa: 

- tha pH of tha lysis buffer is adjusted to 
pH s 9.0; 

. after precipitation vith isopropanol, tha 
pallet is takes up ia water aad after 
dissolutiou, adjusted to 2.SM LiCi. After 
incubation for 12 h at [laena»l O*C, the 
pellet froa the 15 mia centrifugatioa at 
30,000 g at 4«C is resolubilized. The LiCl 
precipitation stage is thea repeated. The 
resolubiliscd pallet eoastitutes the RHA 
fraotioa of the total nucleic acids. 

b) the RHA-poly A* fraction of the SNA 

f ractioa is obtaiaed by chromatography oa aa oligo-dT 
cellulose column as described ia "Curreat protocols ia 
Molecular Biology". 

e) Synthesis of double-stranded cDNA with an 
BeoRI synthetic end: it is carried out by followiag the 
procedure of tha supplier of the various reageats 
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necessary for this synth sis in th form of a kit: the 
"copy kit 11 from the company invitrogon. 

Two single-stranded and partially 
complementary oligonucleotide of respective sequences: 
5 5'-*ATTCCCGG0-3' 

5'-CCCGGG-3' (the latter being 
phoaphorylatad) 

are ligated to double-stranded cDH&a with blunt ends. 

s U 

Q This ligation of the adaptors results in the 

r% 

S 10 creation of smal sites attached to the double-stranded 

y cDMAB and of BcoRI aifa in eohe»iva form at aaeh and 

of tha doubla-atranded eDNAs. 

d) Craation of tha lihrary: 
fjt ma eDM&s having at thoir anda tha eoheaiva 

fU is artificial BcoRI «itaa are ligated to tha XgtlO 

bacteriophage cDNA cut with BcoRI and dephosphorylated 
according to the procedure of the supplier New England 
Biolaba. 

An aliquot from the ligation reaction was 
20 encapaidated in vitro with encapsidaticn extracts* 

Gigapack Gold according to the supplier's instructions, 
this library was titrated using the bacterium g»coll 
csoohfi. The library thus obtained is amplified and 
stored according to the instructions of the same 
23 supplier and constitutes the cDNA library from BUS 
maize cell suspension. 
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3. Sor «lng t th. *** library fro. bmb 
»ia. o.ll si.spen.iom with the HP8M prob. from 

Th. procedure followd is that of "Current 
protocol- in Molecular Biology". Briefly, about 10« 
racombinant phage, are plated on an LB plat, at a .earn 
density of 100 phage./em*. M P**— «• 

replicated in duplicate on a Eytond H membrane fro. 

The DMA was fixed onto the filters by a 1600 
» UV treatment (Stratalinher from Stratagene). Tbe 
filter, were prehybridised in, «-«/.. l % -■/•-«• 
Uaounaj shimmed «11X for * h at ..-a. The EPSPs probe 

random priming according to the instructions of th. 
W pplier (Kit Heady to Go fro. Pbarmecia). The specif 1. 
activity obtained is of the order cf lo' cpm per M of 
fragment. After denaturation for 5 -in at lOO'C, tb. 
probe is added to tbe P r.hybridi«ation medium and the 
nybridieation is continued for 14 Hour, at 5SC The 
filters are fluorographed for 48 h at -OO-C with a 
Kodak aBS film and intensifying screens Hyperscreen 
WH from hmersham. The alignment of the po.itlw. spot, 
on th. f ilt.r with th. plates from which they are 
aerived make it possible* collect, from the plate, 
the zone, corresponding to the phages exhibiting a 
positiv hybridisation response with the bpsps probe 
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tranefar, bybridiaation and recovery i. rap atad until 
all th. ap ts of tha put. t 9**» auccea.ively 
purified prov. loo % poaitiv. in hybridisation. A ly.i» 
plaqua par indapandant phaga ia than collactad in the 
diluent X »adi«» (Tria-Cl p^T.S; 16 «* MgS04; 0.1M 
Had; o.l % gelatine), thaae pbagea in aolution 
conetituting the poeitive BP.PS dona, froa the bms 
maize cell suepension. 

4. Preparation and analyaia of tha DHB of th. 
KPBP8 olonoa fro. th. BUS «aia. c.11 auap.nsion. 

About 5xl0» phagaa ara addad to 20 ml of 
COOObfl baotaria at OD 2 <«oo na/ml) and incubated for 
IS ninuta. at 37'C Thia auapanaion i. than diluted in 
200 «1 of growth medium for tha baotaria in a l 1 
Erlanmayar f laak and abaken in a rotary .baker at 
250 rp*. Lyai- i- ob.erved by olarif ioation of tha 
nadiu*, oorraaponding to lyai. of tba turbid baotaria 
ana oooura after about 4 h of .baking. Thia auparnatant 
is tbe» treated a. d.aexibad in "currant Protocol, in 
Molecular Biology". The D«b obtained oorreapond. to the 
EFSPS donee from tha BM8 »ai3. oell auapanaion. 

one to two M of thia DNA ar. cut with EcoRl 
and a.parated on a 0.8 % LGTA/TBB agaroaa gel 
( ref. CPMB). A final verification conaiata in anauring 
that the purifiad DHA indeed enhibita a hybridi.ation 
eignal witb tha BP8P8 probe fro- aafe iflP P-H fl ttol&* - 
After el ctroph reaia, the DMA fragnenta are 
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tranaferr-d at Hybond H aambran f r m am raham 
according to the Southern proo dura d eoribed ia 
"Curreat Protocols ia Molecular Biology". *he 
hybridized with the BPSP8 probe from Arabidopola 
^Uans-acoordiag to tha eoaditioaa described ia 
paragraph 3 above. The oloae exhibitiag a hybridiaatioa 
•igaal with tbe BBSPS probe from MabiflfiBSia 
aad coatainiag the loageat BcoRl fragmeat haa a gel- 
eatimatad aiae of about 1.7 *bp. 

5. Production of tbe pRPA-MX-7il oloaei 
Taa itq of DBA from the phage cloae contaiaiag 
th. 1.7 kbp iaaart are digaatad with EocRl aad 
aaparatad oa a 0.8 % LATA/ IBB agaroae gel (ref. CPMB). 
The gal fragmeat coataiaiag the 1.7 kbp iaaert ia 
axci.ed from the gel by BBT staiaiag aad the fragmeat 
i, treated with 0-agarase aocordiag to the procedure of 
the supplier New Baglaad Biolaba. The DBA purified from 
the 1.7 kbp fragmeat ia lighted at u-C for 14 h with 
DA from the plaamid pUC 19 (Bew Baglaad Biolaba) out 
with bcoRI aocordiag to the ligatioa procedure 
deaoribed ia "curreat Protocols ia Moleoular Biology", 
wo Ml of the above ligatioa mixture ara uaad for the 
traaaformatica of oaa aliquot o£ eleetrocompefat 
E^U DKIOB; the tranaformatioa occura by 
alectroporatioa uaiag tha followiag coaditioaa: the 
mixture of coapataat bacteria and ligatica medium, i- 
introduc-d into an .lectroporation cuvette 0.2 cm thicX 
(Biorad) previously co 1 d to o-C. The phyaioal 
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lactroporation e nditi na uaing an lectroporator f 
Biorad trade -ark ar. 2300 volt., 23 „Perad and 200 a. 
Under these conditions, the m-aa condenser diacharge 
ti». ia of tha order of 4.2 milli.econda. Tb. bacteria 
are then taken up in 1 »1 of 80C medium (raf . CPMB) and 
shaken for i hour at 200 rp« on a rotary shaker in is 
nl corning tub... After pUting on LB/agar medium 
supplemented with 100 of eerbenicillin, the mini- 

preparation, of the bacteria olonea having grown 
overnight at 37-c are carried out aocording to the 
prooadura deaeribed in "Carrot Protocol- in Molecular 
Biology". After digeation of the DMA with BcoRl and 
aaparation by electrophoresis on a 0.8 % LGTA/TBB 
agaroae gel (r.f. CPHB), the clones having a 1.7 *bp 
inaert are conserved. A final verification conaiata in 
ansuring that the purified DBA indeed exhibits a 
hybridization aignal with the BP8P8 probe from 
rrB M^-i- ^ii«sa. After el.ctrophore.is, the DMA 
fragment, are tran.f arred onto a Hybond H membrane from 
Ameraham according to the Southern procedure deaeribed 
ia ..current Protocol, in Molecular Biology". The filter 
ia hybridis.d with the BPSPS probe from latiiSBai* 
aaiiasa.acoording to the condition- da.cribad in 
paragraph 3 above. The plaamid clone having a 1.7 kbp 
inaert and hybridising with tha BP8PS proba from 

an - 1, thaliann was prepared on a larger .cal. and 

the DMA r..ulting from the lysis of the bacteria 
purified n a C.C1 gradi nt a. deaeribed in "Current 
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Prot cols in M ieeular Biology* 1 . The purifi d DHA was 
partially ecquenced with a Pharmacia kit, following the 
supplier's instructions and using, as primers, the 
diract and ravarss M13 universal primers ordarad from 
the sama supplier, the partial sequence produced covers 
about 0.5 Jchp, The derived amino acid sequence in the 
region of the mature protein (about 50 amino acid 
residues) exhibits 100 % identity with the 
corresponding amino sequence of the mature maize BPSPS 
described in American patent MP 4,971,908. This clone, 
corresponding to a 1.7 kbp SeoRX fragment of the DNA 
for the EPS? from the BMS maize cell suspension, was 
called pRPA-KL-711. The complete sequence of this clone 
was obtained on both strands by using the Pharmacia kit 
procedure and by synthesising oligonucleotides which 
are complementary and of opposite direction every 
250 bp approximately. The complete sequence of this 
1713 bp clone obtained is presented by SBQ ID Mo. 1- 
e. Production of the clone pHPA-ML-7iSi 
Analysis of the sequence of the clone pRPA- 
ML-711 and in particular comparison of the derived 
amino acid sequence with that from maiae shows a 
sequence extension of 92 bp upstream of the OCG codon 
encoding the NH z -terminal alanine of the mature part of 
the maize EPSPS (American patent UPS 4, 971, 90S). 
Likewise, a 288 bp extension downstream of the AAT 
codon encoding the cooH-terminal asparagine of the 
matur part of the maize EPSPS (American patent USP 
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Th SKA resulting from these manipulation* was 
separated by electrophoresis on a 0.7 % LGTA/tbh 
agarose gel (ref« cfMB) • 

The gel fragment containing the insert 
HindiiX-blunt ends/SaclX of about 3.7 kbp vat excised 
from the gel and purified according to the procedure 
described in paragraph 5 above. 

The two inserts were ligated, and 2 pi of the 
ligation mixture served to transform B.ooil DH10B as 
described above in paragraph 5. 

The plasmid DHA content of the various clones 
was analysed according to the procedure described for 
pRPA-ML-711. one of the plasmid clones retained 
contains an BcoKX-HindXXX insert of about 1.45 kbp. The 
sequence of the terminal ends of this clone shovs that 
the 5' end of the insert corresponds exactly to the 
corresponding end of pRFA-KWll and that the 3' 
terminal end has the following sequence! 

"5 ' . , .AATT AAGCTCTAQAGTCOACCTGCAGGCATGCAAQCTT-3 ' ,# . 
The sequence underlined corresponds to the 
codon for the COOH-terminal amino acid asparagine, the 
next codon corresponding to the stop codon for 
translation. The nucleotides downstream correspond to 
sequence components of the polylinker of pUC19. This 
clone, comprising the sequence of pRPAML-711 up to the 
site for termination of translation of the mature maize 
EPSPS and followed by sequences of the polylinker of 
pUC19 up t the HindXXX site, was call d pRPA-ML-712. 
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b) Kodifieati n f the S' end of pKPA-ML-7i2i 



construction of pRFA-ML-713 

The clone pMA-KL-712 vaa out with the 
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restriction entymes Pstl and HindXH. The DNA resulting 
5 from these manipulations was separated by 

electrophoresis on a 0.9 % MTA/TBB agarose gel <raf. 
CPMS) . The gel fragment containing the PstX/BeoRX 
insert of 1,3 khp was excised from the gel and purified 
according to the procedure described in paragraph 5 

10 above. This insert was ligated in the presence of an 
equimolar quantity of each of the two partially 
complementary oligonucleotides of sequence: 
Ollgo 1: 3 ' -GAGCCGAGCTCCATGQCCOTCGCCQAGGAQATCQTGCTQCA-3 ' 
Oligo 2: S^-OCACGATCTCCTCOaCGCCOOCCATGGAGCTCO^SCTC-3' 

IS as well as in the presence of DNA from the plasmid 

pUCld digested with the restriction ensymes BarnHi and 
Hind III. 



transform B.coli DH10B as described above in paragraph 



20 5. After analysis of the plasmid DHA content of various 
clones according to the procedure described above in 
paragraph 5, one of the clones having an insert of 
about 1.3 fcbp was conserved for subsequent analyses. 
The sequence of the terminal 5' end of the clone 

25 retained shows that the DHA sequence in this region is 
the following* sequence of the polylinker of puci9 of 
the Boom to BamHl sites, followed by the sequence of 
the oligonuclo tid s used during the cloning, followed 



Two ill of the ligation mixture served to 
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by tne rest f th sequ.no preset U pWAKL-712. Thi. 
olon. was called pMA-«L-713. Thi. clone has 
methionine eodon ATQ included in an Ncol .it. upstream 
of th. K-terminal alanine ccdcn of the mature 
BPSPSynthase. Purthermore, the alanine and glycine 
codons of the H-terminal end were conserved, but 
modified on the third variable hase, initial M 

gives modified GCfiGGfi. 

The clone pHSA-ML-713 was cut with the 
restriction ensyme Bindlll and th. .nds of thi. cut 
made blunt by treating with the Kl.nov fragment of bHA 
polymerase I. A out with th- restriction enzyme Sac! 
v.. then performed. The D«A resulting from these 
manipulation, was separated by electrophoresis on a 
0.8 % lgta/TBE agarose gel (ref. CPMB). The gel 
fragment oontaining the insert "Hindlll-blunt 
ends/sad" of 1.3 hbp was excised from th. gel and 
purif i.d acoording to th. procedure described in 
paragraph 5 above. This insert was ligated in the 
presence of DMA from the plasmid pOCl* digested with 
the restriotion ensyme Xbal and the ends of this cut 
made blunt by treating with the Klenow fragment of DBA 
polymerase Z. a cut with the restriction ensyme Gaol 
was then performed. Two Ml of the ligation mixture 
8<>rV ea to transform fi^Pli WX» as described above in 
paragraph 3. After analysis of the plasmid D«a content 
of various clones aecording to th. procedure described 
ah v. in paragraph 5, on f the ol nes having an 
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insert of about l.s *bp was conserved for subsequent 
analyses. The sequence of the terminal ends of the 
clone retained shows that the DHA sequence is the 
following* sequence of the polylinker of pOCX9 of the 
EooftX to flaox sites, followed by the sequence of the 
oligonucleotides used during the cloning, from which 
the 4 bp gatcc of oligonucleotide l described above 
have been deleted, followed by the rest of the sequence 
present in pRPA~HL-712 up to the HindZIZ site and 
sequence of the polylinker of pUC!9 from XbaX to 
HindXIl. this clone was called pAPA-KL-715. 

7) Production of a cDHA encoding a mature 
aaise BPSP8 

All the mutagenesis steps were carried out 
with the U.S. 8. mutagenesis kit from Pharmacia, 
following the instructions of the supplier. The 
principle of this mutagenesis system is as follows: the 
plasmid DNA is heat-denatured and recombined in the 
presence of a molar excess, on the one hand, of the 
mutagenesis oligonucleotide and, on the other hand, of 
an oligonucleotide which maxes it possible to eliminate 
a unique restriction enzyme site present in the 
polylinker. After the reaesociatian step, the synthesis 
of the complementary strand is performed by the action 
of T4 DNA polymerase in the presence of T4 DMA ligase 
and protein of gene 32 in an appropriate buffer 
provided* The synthesis product is incubated in the 
pr senc of the restriction ensym , whos sit is 
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suppos * t have disapp « 4 by mutagenesis. *h. fi^Sfiii 
.train exhibiting, i» particular, the «tl station is 
U..4 a. boat for th. transforation of this ». After 
growth in liquid medium, the total plasmid DHA is 
praparad and incubated in the presence of the 

^ „__., -u-va. after these treatments, 
restriction ensyme used above. 

the «.oll DH10B strain is need as host for th. 

transformation. The plasmid DHA of the isolated clones 

i. prepared and the presence of the nutation introducsd 

is cheeked by sequencing. 

Xi - Site or sequence .edifications with no 
effect a priori on the resistance character of 
BPS*B to the product, which ar. competitive inhibitors 
of th. activity of BMP synthase: .limination of an 
internal Hcoi site from pnPA-Mt-715. 

The sequence of pRPA-Mt-715 is arbitrarily 
numbered by placing the first base of the H-torminal 
alanine codon GCC in position 1. This sequence has an 
Hcoi site in position 1217. The site-modifying 
oligonucleotide has the sequence « 

Sr-CCACAGOATOGCdATGGCCTTCTCC-3 ' . 
• After sequencing according to th. reference, 
given above, the sequence read after mutagen.-is 
corresponds to that of the oligonucleotide used. The 
„eol site vaa indeed eliminated and translation into 
vaino aeids in this region conserves the initial 
sequence present in pMA-itt-715. 

This clone was called pR*A-HL-7le. 
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The 1340 bp sequence f this clon. is 
represented es SBQ XD »o. a end SBQ It> So. 3. 

B) Baquenee modification, allowing •» 
incr.es. in th. resistance ehernct^ of mnise bwfB to 
product, which ex. competitive inhibitors of th. 

activity of BMP sythes.. 

Th. following oligonucleotides were used: 



a) Tar 102 » He nutation. 

5 1 -<^TGCTGGAATCGChATGCGGCCATTGACAGC-3 ' 



b) Pro 10« m 3er mutation. 

S'-GAATG' 



CroaAACTGCAATQCGGTCCTTGACAGC-3 ' 



o) aiy ioi - Ala and Thr 102 - He nutations. 
5 ' -CTTGGGGftATGCTGCCATCGCAATGCGGCCATTG-3 ' 

d) Thr 102 - lie end Pro ioc - Ber mutations. 
5 ' .aaGGAATGCTGOAATCGCAATGCGGTCCTTGACAGC-3 ' 
After sequencing, the sequence read after 
mutagenesis on the three mutated fragment, is identical 
to the sequence of the perentel DBA pBPA-«L-71« with 
the exception of the mutagenesis region which 
corresponds to that of the mutagenesis oligonucleotides 
used. These clones were called: pBPA-ML-717 for the thr 
102 - He mutation, pBPA-Hl-718 for the Pro 106 - B.r 
mutation, pAPA-ML-71* for the Gly 101 - Ala and Thr 102 
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- II, mutations and pn»-HL-"0 £or the Thr 103 - He 
and Pro lOfi -» ser mutations* 

The 1340 bp sequence of pBPA-ML-720 la 
represented as SSQ ID Ho. 4 and 8BQ ID Ho. 5. 

The sooi-HindllX inaert of 139S bp will ba 
callad in the rest of tba description, "the doubl. 
mutant of maise BPSW. 

tyTl M pt.« 2 T gaaassagjiigJ «* shlaaiia w 

The construction of chimeric genaa according 
to tba invention is carried out using tba following 
•laments: 

1) . The genomic done (coamid clone c22> from 
* rm ^<« thalimnm. containing two genes of the 
«H3.3-iiX... typ- was isolated as described in Chaubet 

LS at al. (J- MOl. Biol. 1992. 235 S69-374) . 

2) - Intron Ho. l* 

A DHA fragment of 413 base pair- i« purif iad 
from digestion of the cosmid clone c22 with the 
reatriction ensyme Ddel followed by treatment with a 

20 Klenow fragment of DHA polymerase from B^oli, 
according to the manufacturer's instructions for 
creating a blunt-ended DNA fragment and then cut with 
Msal. The purified DMA fragment is lig.ted to a 
synthetic oligonucleotide adaptor having tna following 

25 a«qu€ne«: 

Adaptor U S' TAATTTOWGJaACAGATCCC 3' 
TAAACAACTTGTCTAGGO 
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The ligation product is cloned int 
pGEH7Zf (♦) (Stratagone catalogue Ho. F2251) which was 
digeatad with smal. this done, callad "intron Ho* X", 
Lb checked by sequencing (SBQ 10 Bo. 6) . 

3) . Intron Ho. 2$ 

A DMA fragment of 494 base pairs is purifiad 
from tha digestion of tha cosmid clone c22 with tha 
raatriction ensymes Alul and Cfol. Tha purifiad DNA 
fragment is ligatad to a synthetic oligonuolaotida 
adaptor having tha following sequence t 

Adaptor 2: 5' CAGATCCCGGGATCTGCG 3' 
GCGTCTAGGGCCCTAGACGC 

The ligation product is clonad into 
pGBM72f (+) (Stratagana catalogue No. P22S1) which was 
digested with Smal. This clone, called "intron Ho. 2", 
is checked by sequencing (SSQ ID No. 7) . 

4) . pRA-1 

The construction of this plasmid is described 
in French patent 9,308/029. This plasmid is a 
derivative of pBX 101.1 (clone tech catalogue No. 6017- 
1) which contains the histone promoter from aafeidflttttia 
H4A748 regulating the synthesis of the ff.coli 0- 
glucoronid&se gene and of the nopaline synthase ("NOS") 
polyadenylation site. Thus, a chimeric gene is obtained 
having the structure: 

"H4A748 promo ter-GUS gene-NOS 11 

5) . pCG-1 
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This plasaid contains the abov intron Ho* X 
placed between the H4A748 promoter and the QV8 coding 
region of pKA-1. This plaaid id obtained by digestion 
of eosaid clone c22 with 5aoHl and Snal. the intron 
Bo. 1 of 418 base pairs is directly ligated into pRA-i 
which was digested with BanHI and SaaZ. 

Thus, a chimeric gene is obtained having the 

structure: 

"K4A748 proaoter*intron No. l-GUS gone-NOS M 
*). pea- 13 

This plasaid oontaina the above intron Mo. 2 
placed between the H4A748 promoter and the Gas coding 
region of pRA-1. This plasaid is obtained by digestion 
of cosaid clone c22 with BaaHZ and SaaZ. The intron 
Ho. 2 of 494 base pairs is directly ligated into pRA-l 
which was digested with BaaHZ and SaaZ. 

Thus, a chimeric gene is obtained having the 

structure: 

"H4A748 proaoter-intron Ho. 2-G08 gene-HOS M 
7). pCG-15 

This plasaid contains only intron Ho. l 
before the above G0S coding sequence placed between the 
H4A748 promoter and the GUS coding region of pCG-1. 
This plasaid is obtained by digestion of pCG-l with 
BaaHZ and HindZZZ followed by treataent with a Klenow 
fragment of DNA polymerase from B J cfili# according to 
the manufacturer's instructions for creating a blunt- 
ended DNA fragment. 
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this yctrli then r ligatad t giv a 
chimeric gene baring the structure: 
"intron Ko. i-STO-HOS" 
8). pCO-18 

*hia plasmid contains only the above introu 
Ho. 2 in front of tha COS coding sequence of pC«-l3. 
Thia plasmid i, obtained by partial digestion of p<*-13 
with BamHI and Sphl, followed by treatment with a 
fragment of T4 pnage t*HV polymerase, acoording to tn. 
manufacturer*, inactions in order to create a blunt- 

cmdftd DKA fragaont. 

This vector is then religated and cbecXed by 
enaymatic digestion in order to give a chimeric gene 
having the structure: 
19 "intron Mo. 2-atfS-HOS M 

9). pRPA-SD-12* 

Addition of a "nos* polyadenylation signal to 
PRPA-hl-720 with creation of a cloning casaette 
containing the maia. double mutant BP8PS gene (Thr 102 
. lle and ,ro 10« - ser). P^-ML-720 is digeated with 
Bindlll and treated with the Klencw fragment of OKA 
polymerase from EjColi in order to produce a blunt end. 
A second digestion is carried out with Hcol and the 
EPSFS fragment is purified, Ibe EP8Pa gene is then 
ligated with purified pm-ltD-12 <■ tt# 
containing the nopalin. synthase polyadenylation 
signal) to give pKPA-RD-124. To ohtain the purifed 
useful v ctor P RPA-kd-X2, it was nec ss.ry for the 
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latter t be pr vioualy digested with sail, txaatad 
with Klenow DNA polymerase, and than digested a second 
tima with Hool. 

10) . pRPA-W>-125 

5 Addition of an optimized aignal peptide (OSP) 

from pRPA-RD-124 with creation of a cloning eaaeette 
containing the EPSPS gane targeted on the plasmids. 
pRPA-RD-7 (European Patent Application E* 652 286) ia 
digested with Sphi, treated with T4 DNA polymerase and 

10 than digested with spel and the OS? fragment is 

purified. This OSP fragment is cloned into pRPA-RD-124 
which was previously digested with Ncol, treated with 
Klenow DRA polymerase in order to remove the 3' 
protruding part, and then digested with SpeX. This 

IS clone is then sequenced in order to ensure the correct 
translatlonal fusion between the OSP and the EPSPS 
gene. pRPA-RD-125 is then obtained. 

11) . pHPA-RD-196 

In this plasmid, the "intron No. 1 + 0- 
20 glucoronidase gene from Ij^fill" portion of pCG-1 is 
replaced by a chimeric gene of 2 kilobases containing 
an optimized signal peptide, a double mutant EPSP8 gene 
(Xle m +8er,tf) and a nopaline synthase polyadenylation 
site ("HOS") isolated from pRPA-RD-125. To obtain pRPA- 
25 RD-196, the digestion of pCQ-l is performed with BcoRI 
and BamEZ, followed by treatment with a Klenow fragment 
of DMA polymerase from E»coli , according to the 
manufacturer's instructions in rder to cr ate a blunt- 
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end d OKA fragm nt. Tn 2-kilobasa Dm fragment 
containing an optimised signal peptide of • 4 ubl 
mutant EPSM gone (Ile^+Ser,,,) and a nepaline synthase 
polyadenylation site C'HOS") is obtained from pRPA-HD- 
125 toy digestion with Scoi and HotI, followed by 
treatment with DNA polymerase from I^epJJL, according to 
ths manufacturer's instructions in order to craata a 
blunt-ended DMA fragment, this blunt-ended fragment is 
than ligated into pCQ-i prepared above. 

A chimeric gene is thus obtained having the 

structure: 

"S4A748 promoter-oss-naise BP8PS gene-HOS M 

in this plasaid, the »0-glueoroaidase gene 
from te9li" portion of pco-l is replaced by a chimeric 
gene of 2 Xilobases containing an optimised signal 
peptide, a double mutant BSSPS gene (Ile^Ser,*) and a 
nopeline synthase polyadenylation ait. <««OS«> isolated 
from PRPA-RD-12S. To obtain p»*-RD-lS7, the digestion 
of pCG-l is performed with EcoRi, followed by treatment 
with a Xlenow fragment of DMA pelymerase froa f^seli, 
according to the manufacturer's instructions in order 
to create a blunt-ended DSA fragment, then cut with 
Smal. The 2-kilobase DKA fragnent containing an 
optimised signal peptide, a double mitant W8PS gene 
(liefer,*) and a nepaline synthase polyadenylation 
site <»'NOS«) is obtained from pWA-RD-125 by digestion 
with Hcol and HotI, f llowed by a tr atment with DKA 
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polymerase from *«U, "e rding to tho manufaetur r . 
instructions in ardor to create . blunt-ended DNA 
fragment. This blunt-ended fragment i. then ligated 

into pca-l prepared above. 

A chiaerie gene is thus obtained having the 

structure t 

"H4A748 promoter-intron Ho. l-maise BMPS 

gene-MOS" 

13). pBIn-BD-198 

in tbis plasmid, tbe «0-glucoroni«ase gene 
fro. r-coli" portion of pca-13 is replaced by a 
chimeric gene of 2 biloba.es containing an optimisod 
signal peptide, a double mutant BP8P8 gen. (lienor,,,) 
and a nopalin. synthase polyadenylation site r*08»> 

isolated from |»W»-»I. *° <*<" ln »* 
digestion of PCO-13 is performed with Eco*I, followed 
by treatment with a Ki.now fragment of Dim polyaera- 
froa B^sali, according to tbe manufacturer's 
instructions in order to crsat. a blunt-nded DMA 
fragment, tben cut with 8«al. The 2-hilobase DHA 
fragaent containing an optiaised signal peptide, a 
double mutant 8P8PS gene (lle m *8er«) and a nbpaline 
synthase polyadenylation site (-*»-) i- obtained froa 
pRPA-RD-125 by digestion with Hcol and Hott, followed 
by a treatment with DMA polymerase from fi^SfiU, 
according to the manufacturer's instructions in order 
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t create a blunt-ended DMA fragment. This blunt-anded 
fragment is than ligated into pCG-13 prepared above* 
A chimeric gene is thus obtained having the 

structure: 

5 M H4A748 promoter-intron Ho* 2-OSP-maize EPSPS gene-NOS" 
flracPLB 3! Expression of the activity of a IWfff* 

1) Transformation and regeneration 
The vector is introduced into the 
10 nononeoganic strain of acrobacterium tumefaoiens LBA 
4404 available from a catalogue (Clontech #6027-1) by 
triparental crossing using the "helper" plasmid pRK 
2013 in Escherichia coli HB101 according to the 
procedure described by Sevan M. (1984) Nucl- Acids 

15 Res., 12, 8711-8721. 

The transformation technique using root 
explants of Arabidonsis thaliana L.-ecotype C24 was 
carried out according to the procedure described by 
Valvekens D. et al. (1988) Proc. Natl. Acad, Soi USA, 
20 85, 5536-5540. Briefly, 3 steps are necessary: 

induction of the formation of calli on Gamborg B5 
medium supplemented with 2,4-D and fcinetin; formation 
of buds on Gamborg B5 medium supplemented with 2iP and 
IAA; rooting and formation of seeds on hormone-free MS. 
as 2) Measurement of the GOB activity in plants 

a - histochemical observations 
Visualisation of the GUS activity by 
histochemical spots (Jefferson R.A. et al. (1987) BMBO 
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j., a, 3301-3*07, on 10-day transgenic plants .bow. en 
increase in the intensity of the M.t obemioal pattern 
ehich ia tissu-sp.eifie for the plasmids confining 
the intron eequenees <pCG-l and pCO-13, compared with 
the. without these iatrons <P*A-U • I» Particular, the 
pattern of -pots for pC«-l and pCG-13 is identical, 
showing an ineraase in intenaity of the spots for the 
vascular and meristematic tissues, leaves and roota 
compared with that of tha construct pRh-i. «• 
conatruota containing only tha aaquanoas of intron 
Mo. x <pc*-15 and pCO-is) show an entremely clear 
hi.toch-mical spot only in tha apical meristam ragion. 
b - f luoronotrio measurements 
*he aus activity measured by f luoromatry on 
extracts of floral and leaf cuds of the rosette 
< Jefferson R.A. et al. (1987, «MBO J. , d, 3001-3,07, 
from 12 plants, show, that the activity of the H4h74. 
promoter is inoraa.ed undar the influence of intron 
„os. 1 and 2. Compared with the construct P KA-1, the 
GUS activity of PCC-1 and pCG-13 are at least six time, 
greater in the floral huds, twenty times gr-ater In the 
leaves of the rosette and twenty-six times greater in 
tn« roots. 

These measurements clearly show that introns 
Hoa. 1 an* 2 of hrabiaopsi. *iston. genes of the '113.3- 

- .Miiiatorv element induces an 
like*' type used as a regulatory ex*™*- 
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1) transformation and regeneration 
The vector is introduced into the 
nononcogenie strain of Agrobaotorium tumafaciena LBA 
4404 availabla from a catalogue (Clontech #6027*1) by 
triparantal crossing using the "helper" plasmid pRK 
2013 in Escherichia coli H8101 according to t&d 
procedura described by Sevan K. (1984) Mucl. Acids 
ROS., 12, 8711-8721* 

The transformation technique using foliar 
esplanta of tobacco is based on the procedure described 
by Eorsh R* et al- (1985) Science, 227, 1229*1231. The 
rsgeneration of the PBD6 tobacco (origin MITA-France) 
from foliar explants is carried out on a Murashige and 
Skoog (MS) basal medium comprising 30 g/1 of sucrose as 
veil as 200 jig/mi of kanaayein in three successive 
steps: the first comprises the induction of shoots on 
an MS medium supplemented vith 30 g of sucrose 
containing o.os mg of naphthylacetic acid (NAA) and 2 
mg/1 of bensylaminopurine (BAP) for 15 days. The shoots 
formed during this step are then developed by culturing 
on an MS medium supplemented vith 30 g/1 of sucrose but 
not containing any hormone, for 10 days. The developed 
shoots are then removed and they are cultured on an MS 
rooting medium diluted one half, vith half the content 
of salts, vitamins and sugars and not containing any 
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Ursa, After about 15 daya, th rotd ah ta ar 
plant ad in the soil* 

2) Meeaurement of the tolerance to 

glyphoaate* 

Twenty tranaformed plants vara raganaratad 
and tranef erred to a greenhouse for aach of the 
conatructs pRPA-RD-196, pRPA-RD-l*7 and pRPA-RD-198. 
These planta vara traatad in a graanhouaa at tha 5-leaf 
ataga with an aqueous auapanaion of herbicida, aold 
undar the trademark Roundup, corraaponding to 0.8 Xg of 
active aubetanoe glyphoaate par hectare. 

The results correspond to tha observation of 
phytotoxicity valuea noted 3 weeks after treatment, 
under these conditions, it is observed that the planta 
transformed with the constructs have on average an 
acceptable tolerance <pRPA-RD-196) or even a good 
tolerance <pRPA-RD-197 and pRPA-RD-196) whereas the 
untranaformed control planta are completely destroyed. 

Thaae results ahow clearly the improvement 
offered by the uae of a chimeric gene according to the 
invention for the same gene encoding tolerance to 
glyphoaate. 

The tranaformed planta according to the 
invention may be uaed aa parents for producing lines 
and hybrids having the phenotypic character 
corresponding to the expression of the chimeric gene 
introduced. 



